Reindeer (Rangifer tarandus), the only member of the genus Rangifer, is one of the most interesting object to investigate genetic diversity. One of the technique of studying the genetic structure of populations and parentage identification is to create panels of STR (short tandem repeats) markers. The aim of the current study was the development of multiplex panel of STR markers and assessment of its application to assign the parents and to study biodiversity of Russian reindeer populations. As a biological material for research we used tissue samples (part of ear's lobes) of reindeer of Even (EVN, n = 44), Evenk (EVK, n = 44), Nenets (n = 45) breeds and Tyva population (TUV, n = 35). DNA extraction was performed using Nexttec columns (Germany) according to the manufacturer's instructions. Polymorphism of nine STR markers (NVHRT76, RT9, NVHRT24, RT30, RT1, RT6, RT27, NVHRT21 and RT7) was determined by own procedures using ABI 3130xl DNA analyzer («Applied Biosystems», USA). Statistical analysis was performed in MS Excel 2007 with the plugin GenAIEx v. 6.5, software MSA 4.05, PHYLIP, v. 3.5c, Treev32 and Structure, v. 2.3.4. The studied populations of reindeer were characterized by relatively high levels of genetic diversity. The average number of alleles per locus was 6.11±0.56 in TUV, 6.67±0.50 in NEN, 8.00±0.76 in EVN and 8.89±0.65 in EVK. The smallest effective number of alleles per locus was detected in TUV (3.37±0.47), the maximal value was in EVK (4.89±0.46 alleles per locus), and EVN and NEN occupied an intermediate position (4.42±0.53 and 3.90±0.38, respectively). The number of alleles in single loci ranged from four in NVHRT21 and NVHRT24 for TUV to twelve in RT7 for EVK and RT1 for EVN. The probability of matching genotypes (PI) for the nine loci ranged from 1.84½10 -9 in NEN to 5.9½10 -11 in EVK, showing the high power of the proposed marker panel for parentage identification. The calculation of the mean values of similarity coefficient Q in the i th cluster with the most probable number of clusters such as k = 3 and k = 4 (Q i/k ) revealed high heterogeneity of genetic structure of studied populations. The highest degree of genetic differentiation was shown for TUV (Q 2/3 = 0.899±0.034, Q 3/4 = 0.883±0.035) and for NEN (Q 3/3 = 0.885±0.031, Q 4/4 = 0.813±0.038). The EVN and EVK population were close to each other, and a clear clustering between them was not observed. An estimation of R st (AMOVA) showed that 11.4 % of the total molecular variability was caused by differences between populations, and 88.6 % was due to individual differences between animals (p < 0.01). Evaluation of degree of genetic differentiation of studied populations, using as criteria the values of Nei' genetic distances and pairwise comparisons of F st showed similar trends. TUV population was the most distinct comparing to other populations (D Nei = 0,283-0,502, F st = 0,299-0,452), while it was the most differ from NEN and the closest to EVN. The minimal genetic differences were observed between EVN and EVK (D Nei = 0,068, F st = 0,032). The results show high functional power of the developed STR panel to identify the parentage and to study biodiversity in Russian reindeer populations.
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Molecular genetic studies of species and breeds of farm animals are an important in the system of conservation and use of biological resources [1] . While the genetic structure is adequately characterized in the main types of domestic animals, many species of local importance remain poorly studied.
Reindeer (Rangifer tarandus)is the most important element of the ecosystems and an integral part of indigenous peoples' life and culture in the North [2] . This species is the only member of the genus Rangifer, belongs to the Cervidae (deer) family of the Ruminants suborder, and one of the few species in which the wild form coexist with the domestic one. Most scientists believe that reindeer forms 12-15 subspecies, including 5-7 subspecies in Russia. Thus, according to one concept, all North European deer belong to the R. tarandus tarandus L. subspecies (European reindeer) [3] [4] [5] . According to other concepts, European territory is inhabited by 2 subspecies, the R. t. fennicus Lönn (Eurasian forest reindeer ) and R. t. tarandus L. (Eurasian tundra reindeer) [6] [7] [8] [9] .
Breed formation processes in northern reindeer husbandry have a lot in common with the breed genesis of other species of domesticated animals such as horses, sheep, yaks, camels, etc. Breed specialty is based on the folk traditional breeding system and the complete lack of commercial incentive, which later appeared in stud breeding in Europe and North America [10] . It is generally accepted to identify four native breeds of semi-domesticated reindeer created by the northern Russian nationalities which are different in their specialization, exterior constitutional features and adaptiveness to the specific climatic conditions, i.e. the Nenets, Chukchi, Evenki and Even breeds [11] .
Nenets reindeer is bred in the north of European Russia and east of the Urals, in the lower reaches of the Ob' and Yenisei rivers. Currently, this breed is the most numerous and prosperous one. Chukchi reindeer inhabit the territory of Chukotka and Kamchatka peninsulas and the northeast of Yakutia. Evenk breed is bred in the taiga zone of Siberia and the Far East within the area from the Yenisey River to the shores of the Sea of Okhotsk and Sakhalin Island. Several inbreed groups are identified in the breed. The mountain-taiga regions of Yakutia, Kamchatka and Magadan regions are the Even breed habitat (in its type, it occupies an intermediate position between the Chukchi and Evenki breeds). Consolidation and the study of the genetic structure and biology of Even breed are in process. Several breed groups are identified in reindeer as well, with exterior constitutional features in each; yet these groups have not got the breed status. Thus, the large Tuvan population animals (Todzha Region, Republic of Tyva) are of interest. Some scientists consider them as an independent breed group of the Tuvan Tofalar type [12] .
Currently, reindeer breeding uses conventional methods, and the most complete picture of the population structure can be obtained based on the analysis of a range of various biological parameters, including genetic ones.
The study of reindeer genetic diversity has always been of intense interest. Research began in the 1960s, when a simple and quick methods of electrophoresis in agar, starch and acrylamide gel were introduced in population genetics widely. Later, the studies of serum transferrin polymorphism were reported [13] [14] [15] [16] . With the development of molecular genetics, application of more precise methods became possible for the direct analysis at the DNA level with a higher capacity as compared to the previously used marker systems [17, 18] .
Informativeness of DNA analysis is largely determined by the type and number of DNA markers used. In this context, creating multiplex panels of DNA marker analysis to study genetic characteristics of animal species and breeds is relevant. Among the variety of marker systems, microsatellites also known as short tandem repeats (STR) are the most widespread ones. Due to the high degree of polymorphism, Mendelian type of inheritance and uniform genome-wide distribution, STR panels are used in all major farm animal species [19] . They are used to control the reliability of parentage, determine the degree of inbreeding, to assess breed purity, characterize the biodiversity and the degree of genetic differentiation of breeds and inbreed genetic structures [20] [21] [22] [23] . Currently, there are many publications that demonstrate the applied relevance of STR in the characterization of the reindeer gene pool STR [24] [25] [26] [27] [28] [29] [30] [31] [32] , but the Russian reindeer breeds and population have not been studied yet.
The purpose of this study was to develop a multiplex panel of STR markers to assess the reliability of parentage assignment and the degree of differentiation of Russian native reindeer populations.
Technique. Reindeer (Rangifer tarandus) of Even (EVN, «Yuchyugey-skoe» enterprise, Sakha Republic, n = 44), Evenk (EVK, «Таbа» enterprise, Sakha Republic, n = 44), Nenets (NEN, «Indigo» enterprise, Nenets Autonomous Okrug, n = 45) breeds and Tyva population (TUV, Todzha, Republic of Tyva, n = 35) were studied. Ear tissue samples were used as biological material. DNA extraction was performed using Nexttec columns (Nexttec™ Biotechnologie GmbH, Germany) according to manufacturer recommendations.
Based on the analysis of specialized publications, 9 STR markers were selected, including 3 loci developed for reindeer (NVHRT21, NVHRT24, NVHRT76) [18] , and 6 loci developed for caribous (RT1, RT6, RT7, RT9, RT27, RT30) [33] , formed into a single multiplex panel. PCR analysis was performed in a final volume of 15 microliters. For assay, 1 l (50-100 ng) of investigated genomic DNA was added to each tube with 14 l of reaction mixture consisting of 1.5 l of 10½ PCR buffer, 1.5 l of 2 mM dNTPs solution, 0.15 l of 100 mМ МgСl 2 , 2.54 l of 10 mМ mixture of primers, 0.2 l (1 unit) of Таq polymerase (Dialat Ltd., Russia), and 8.01 l of bidistilled water. In the PCR buffer there was 16.6 mМ (NH 4 ) 2 To characterize the allele pool, the average number of alleles (Na) and the number of effective alleles (N e ) per locus, the extent of the observed (H o ) and expected heterozygosity (He), information Shannon index (I) and the index of fixation (F is ) were determined [34] . Informativeness of the developed STR panel for the control of parentage reliability was evaluated for the genotype identity probability (PI) [35] and parents' probability exception (P1, P2, P3) [36, 37] .
Genetic population structure was evaluated using cluster analysis according J.K. Pritchard et al. [38] without introduction of preliminary information about individual population affiliation. Average values of similarity coefficient Q in the i-th cluster for the total number of clusters k (Q i/k ) were calculated for each group. The proportion of population variability to total variability was estimated based on the R st value (AMOVA) [39] . The degree of population genetic differentiation was estimated based on F st values [40] and genetic distances for M. Nei [41] .
Statistical data processing was performed using the MS
Results. Selection of microsatellite loci for inclusion in the STR panel was performed based on their polymorphic nature and on the possibility of their amplification in a single reaction (close primer melting temperatures) and analyzing with DNA analyzer using specific fluorescent labels (spectra for each stain do not overlap). As a result, we proposed the STR panel that enables simultaneous analysis of 9 loci (Fig. 1) . The studied reindeer populations were characterized by relatively high levels of genetic diversity. The average allele number per locus was 6.11±0.56 in TUV, 6.67±0.50 in NEN, 8.00±0.76 in EVN, and 8.89±0.65 in EVK. The same regularity was observed in the number of effective alleles. Particularly, the lowest number of effective alleles was observed in TUV group (3.37±0.47 alleles per locus), the maximum value was in EVK (4.89±0.46 alleles per locus), EVN and NEN groups occupied an intermediate position (4.42±0.53 and 3.90±0.38, respectively). The number of alleles in single loci ranged from 4 (in NVHRT21 and NVHRT24 loci for TUV) to 12 (in RT7 for EVK and RT1 for EVN). Calculation of H o and H e demonstrated a substantial deficit of heterozygotes for all groups (from 10 tо 16 %). This was also confirmed by high positive F is values. However, the values of Shannon's information index indicated a sufficiently high genetic diversity in three of the four groups studied (I  1.5), except TUV (Table 1 ). The probability of matching genotypes (PI) for the developed STR panel ranged from 1.84½10 -9 in NEN to 5.9½10 -11 in EVK, i.e. it was practically impossible. The values of exclusion probability (P1, P2, P3), calculated according to the results of the STR panel analysis, were minimal in TUV and maximum in EVK and ranged from 99.61 to 99.97 % for P1 (one parent exclusion with the genotypes of both parents known), from 95.36 to 99.30 % for P2 (parent exclusion with the genotype of one parent known) and from 99.94 to > 99.99 % for P3 (exclusion of both parents). These data confirm high informativeness of DNA analysis for parentage assignment in reindeer and the functional capacity of the STR panel developed. The results of cluster analysis with the most probable number of clusters such as k = 3 (Fig. 2, A) and k = 4 (Fig. 2, B ) revealed high heterogeneity of genetic structure of studied populations. The highest degree of genetic differentiation was shown for TUV (Q 2/3 = 0.899±0.034, Q 3/4 = 0.883±0.035) and for NEN (Q 3/3 = 0.885±0.031, Q 4/4 = 0.813±0.038); it should be noted that one specimen in TUV population (Q 1/3 = 0,912, Q 1/4 + Q 2/4 = 0,914), and three specimens in NEN population (Q 1/3 = 0,624-0,870, Q 1/4 + Q 2/4 = 0,838-0,935) stood apart having genetically different origin close to EVN and EVK groups (clusters Q 1/3 and Q 1/4 + Q 2/4 ). Genetically, one specimen in TUV population was mostly close to NEN (Q 3/3 = 0.676 and Q 4/4 = 0.485).
Genetic diversity of studied reindeer Rangifer tarandus breeds for microsatellite loci
The EVN and EVK populations were less differentiated, and a clear clustering between them was not observed. The average values of similarity coefficient were Q 1/3 = 0.768±0.030 and Q 1/4 + Q 2/4 = 0.874±0.021. Genetically, two EVN specimens were assigned to TUV (Q 2/3 = 0.666 and Q 3/4 = 0.690) and NEN (Q 3/3 = 0.903 and Q 4/4 = 0.912), and two EVK specimens were assigned to TUV (Q 2/3 = 0.905-0.950 and Q 3/4 = 0.808-0.927).
Cluster analysis results confirmed the data of genetic distance calculation according to M. Nei (Fig. 3) . The close genetic relationship between EVN and EVK, on the one hand, and the heterogeneity of their genetic structure, on the other hand, was manifested in the formation of common clusters in the family tree. TUV reindeer (except for 3 specimens) were combined into a single cluster which also included 4 specimens of three other populations. A large group of NEN specimens (32 out 45 animals studied) stood out forming a separate cluster that also includes 4 EVN and 1 EVK specimens. EVN and EVK animals formed several mixed clusters with TUV (3 specimens) and NEN (3 specimens) deer localized in some of them. Estimation of R st (AMOVA) showed that 11.4 % of the total molecular variability was caused by differences between populations, and 88.6 % was due to individual differences between animals (p < 0.01). Evaluation of the degree of population genetic differentiation using the values of genetic distances according to M. Nei and pairwise values of F st as criteria, demonstrated similar tendencies. TUV population was the most distinct one compared to other populations, while it was mostly differentiated from NEN and the closest to EVN. TUV population was almost equidistant from EVN and EVK. The minimal genetic differences were observed between EVN and EVK ( Table 2) .
Genetic differentiation of the studied Rangifer tarandus reindeer populations
To evaluate reindeer biodiversity, STR panels which differ in both the number and the range of markers, are used. K. Røed and L. Midthjell [18] studied two semi-domesticated R. tarandus Norway reindeer populations using 23 STRs, 6 of which appeared to be monomorphic and 17 were characterized by the average number of alleles per locus of 3 to 10. A. McDevitt et al. [25] described genetic structure of R. t. groenlandicus and R. t. caribou populations in North America using 11 STR. G. Wilson et al. [33] demonstrated that of the 13 STRs developed for caribou, 12 were polymorphic in the Canadian reindeer population with the number of alleles per locus of 4 to 8. S. Côté et al. [44] used 14 STRs in a comparative study of reindeer diversity in two Svaldbar populations (the number of alleles per locus of 1 to 5). R. Courtois and L. Bernatchez [45] applied 8 STRs, including 7 loci developed for caribou [33] , and one cattle STR to evaluate the biodiversity of seven caribou populations in North America (number of alleles per locus of 3 to 20).
We proposed a multilocus panel which makes it possible to simultaneously analyze nine STRs. All of them were polymorphic in the studied populations of Russian reindeer, i.e. the number of alleles per locus ranged from 4 in NVHRT21 and NVHRT24 for TUV tо 12 in RT1 for EVN and in RT7 for NEN. Russian R. tarandus populations were characterized by higher genetic diversity in the number of alleles per locus compared to other populations studied (Table 3) . [18] , B -semi-domesticated reindeer, Sassendalen, Svalbard [44] , В -semi-domesticated reindeer, Kolesdalen/Reyndalen, Svalbard [44] . Dashes mean that populations have not been studied.
Comparative analysis of nine STRs' biodiversity in Rangifer tarandus reindeer populations
In some studies [44, 45] , a lower genetic diversity is estimated in reindeer isolated populations in Europe and North America, which was consistent with our results for the Russian populations of R. tarandus. Minimum genetic diversity estimated by the average number of alleles per locus, by the heterozygosity extent observed and by Shannon information index, was characteristic of TUV population that was geographically isolated from other populations studied, maximum diversity was found in EVN and EVK with overlapping habitats. Blood mixing with the Even breed of Oymyakon district of the Republic of Sakha (Yakutia) may be one of the reasons for the high heterogeneity of EVK population and its similarity to EVN. Therefore, to further evaluate the gene pool of Russian reindeer breeds, it is necessary to expand the number and geographical diversity of populations studied, as well as to use genetically pure populations (continuous breeding without blood mixing and geographic isolation).
Thus, heterogeneity of the genetic structure of all reindeer populations studied has been shown, with genetic purity and separateness being the greatest in Tuvan population, and the lowest in Even and Evenki populations. These results demonstrate the feasibility of using the microsatellite multiplex panel developed as one of the methods to identify genetic differences between populations. This will help to clarify parentage history, the boundaries and propagation paths of individual populations and will be a basis for the further study of the diversity of one of the most unique representatives of the Cervidae family. Furthermore, we suggest a multilocus panel which serves as a tool in assessing individual parentage validity. Its application will radically improve selection and breeding and make it possible to develop a system of genomic assessment in northern reindeer herding.
